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Abstract 

This report describes the results of a series of tests in which High- 
Temperature Reusable Surface Insulation (HRSI) tiles ware impacted by a 
variety of foam insulation materials. The foams were typical of the 
debris from the main tank anticipated to strike the orbiter during the 
initial phases of flight. Failure of the HRSI coating was observed to be 
strongly dependent on the density and size of the projectile. The failure 
threshold was found to be as low as 140 feet per second for rubber and as 
high as 740 feet per second for Styrofoam. In addition, the impact 
pressure was measured for a variety of debris materials as a function of 
velocity. 
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Introduction 


The Orbiter thermal protection system provides thermal attenuation of 
aerotherraal heating on the external surface of the Orbiter vehicle during 
atmospheric entry. The lower surface of the Orbiter will be protected by 
HRSI (High - Temperature Reuseable Surface Insulation) tiles which nominally 
measure 6 by 6 inches in planform and vary in thickness from 0.75 to 3.5 
inches depending on local heating conditions. HRSI tiles comprise a low 
density, high purity silica fiber insulation made rigid by a ceramic bonding 
process. A borosilicate glass is then applied to the tile to form a black, 
hardened impermeable surface. Each tile is bonded to a strain isolation 
pad made of nomex fiber felt and the total composite is bonded directly to 
the Orbiter *s aluminum skin structure. 

During Shuttle Orbiter launch, the thermal protection system will be 
subjected to debris particle impact generated by the external tank 
attached to the Orbiter lower surface. The external tank provides the 
Orbiter propulsion system with liquid hydrogen and liquid oxygen and is 
thermally protected for prelaunch operations with a low density spray-on 
foam insulation (SOFI). During vertical flight, after lift-off, this 
protective insulation on brackets supporting flow lines and electrical cable 
tray is not required and can become detached from the external tank as 
fragments, whose weight has been estimated to vary from 0.1 to 2.5 lbs. 

These fragments impacting the Orbiter at free stream velocities may damage 
HRSI tiles and degrade tile design thermal performance during entry. 

The purpose of this report is to document the damage which may be 
anticipated from the impact of SOFI fragments on HRSI tiles at velocities 
from 100 to 1800 feet per second and at angles of impact from 90“’ to 60“’ . 
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The materials useJ to characterize the debris included Dyplast Styrofoam, 
BX-250, CPR, Blue Styrofoam and Vitron Rubber. 

Procedure 

In order to obtain the necessary information, the Texas A&M University 
low speed air gun which is adequately described in a previous report (1) 
was used to accelerate the low mass projectiles to the desired velocity. 

In order to supplement the data from this 3/8 inch smooth bore gun, three 
additional barrels were fabricated with bore sizes of 1, 1%, and 2 inches. 
These barrels were bolted to the high pressure, house air supply and 
activated by rupturing a variety of thin plastic diaphragms. 

Two types of tests were conducted using these four barrels. HRSI 
tile targets were used to determine the impact velocity which caused coating 
cracks. The alcohol wipe technique waj used to inspect tiles both before 
and after each impact. The impact velocity was obtained by using light 
sensitive diodes to start and stop an electronic timer. The tile holder 
is described in reference 1 and simulates not only the tile but the 
nomex pad and aluminum substructure of the Orbiter. 

A second series of tcacs utilized a hi inch thick aluminum plate target 
with a flush mounted pressure transducer to obtain impact pressure as a 
function of velocity for a variety of projectile materials. The target 
material was selected since its material properties closely simulates 
those of the silicate coating of the HRSI tiles. The transducer was a 
Kristal Type 603B quartz pressure transducer for high frequency measure- 
ments. The sensor and its associated amplifiers and recording oscilloscope 
have a rise-time of one microsecond and a resonant frequency in excess of 
400 kHz. It has a maximum measuring range of 3000 psi and may be used 
in a shock environment to 10,000 g's with a maximum error of 15 psi. 
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A number of tests were conducted at ''low" temperatures. This was 
accomplished by floating the projectiles in a pool of liquid Nitrogen 
contained in a one liter Dewar. The projectile could be removed from 
the Dewar, loaded into the barrel, and fired against the target in less 
than ten seconds. Heat conduction calculations indicate that this was 
sufficient to maintain the centerline temperature to within 25*F of 
the liquid Nitrogen temperature. 


Results 

The results of these tests have been recorded and are presented in 
the accompanying figure. The pressure data was recorded on an oscilloscope 
and photographed. These photographs are contained in Appendix A through F. A 
list of Che various impact parameters is contained in the accompanying tables. 

The results of the alcohol wipe inspection of each HRSl tile was 
sketched on a data sheet. These sheets and a list of the various impact 
parameters is contained in Appendix G. In addition, high speed motion 
pictures were obtained of the impact of various materials against the 
targets. 


Discussion 

As a result of this series of tests the damage to a typical HRSI 

tile by the impact of foam insulation may be characterized by a relatively 

simple impact theory which has been documented by Wilbeck (2). In essence, 

the pressure generated by the impact of a "soft" material is characterized 

by a leading high pressure spike (sometimes called the Hugoniot pressure) 

followed by a lower pressure equal Co the dynamic pressure of the material 
2 

('-5 P U p). The duration of the impact event may be approximated by the 
length of the projectile divided by the velocity. Up. 

The target of interest is the HRSI tile coating. This coating is 


.015 inch thick and therefore will respond to any applied pressure 
locally in the time it would take for an elastic wave to propagate 
through the surface (~75 nanoseconds). The insulation behind the silicate 
is of such low impedance, it will behave effectively as a free surface. 
Therefore, the coating failure wil?. be caused by the leading high pressure 
spike and is not influenced by the length or duration of the impact 
event. It is quite probable that static testing of tiles to failure will 
be an adequate failure criteria. Dynamic characterization of the debris 
material will then permit the velocity to cause failure to be predicted. 

Data were obtained for both pressure and tile damage at an oblique 
impact of 60” . The pressure data correlates reasonably well with the 
sin“ci theory contained in reference 2. However, tile damage threshold 
is indicated at the same velocity as for normal impai . It is felt that 
surface irregularities on the tile were sufficient to cause a portion of 
the projectile to be locally perpendicular. Since at the instant of 
impact the local stress is essentially a pressure equal in ail directions 
for a short period of time, and since the tile responds so quickly, no 
attenuation due to angle of obliquity should be considered. 

Data obtained at low temperatures by soaking the projectile in 
liquid Nitrogen are somewhat scattered but show no reduction in threshold 
velocity or increase in pressure. However, some projectiles were noted 
to increase in mass after soaking, most notable was BX-250. This 
material shattered on impact causing a high frequency pressure oscillation 
of relatively low amplitude. 

A very thin sheet of Vitron rubber, which is to be used as a boot 
to cover a valve, was fired against both the transducer and a tile. The 
thin sheet was attached to a light weight styrofoam projectile with tape 
and cement. Due to the high impedance of this material, high pressures 
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were generated for a very short period of time. In addition, deep pene- 
tration into the HRSI tile was observed at a velocity of 140 feet per 
second . 

A similar effect was noted with Styrofoam coated with a thin layer 
of FBL fire retardant material. The FBL coating created a high pressure 
at low velocities as well as coating cracks at velocities much less than 
the uncoated Styrofoam. 

Testing of Styrofoam projectiles of increasing length at constant 
velocity confirmed the theory that the amplitude of the pressure is 
independent of length. Although the duration of impact is increased and 
therefore the impulse, the amplitude is unaffected. 

Using foi.r different sized barrels caused a change in the pressure 
velocity relation for the projectile material. This is attributed to 
increased time for radial release waves to propagate to the center of 
the larger projectiles and therefore the transducer. The limiting case 
of uniaxial strain was properly obtained with the 2 inch projectiles. 

Conclusions and Recommendations 

As a result of the testing described in this report, it is concluded 
that the HRSI tile coating will exhibit incipient damaged under the 
follov/ing circumstances: 

a. Dyplast Styrofoam, uncoated, impact at 500 feet per second; 

b. Dyplast Styrofoam, coated with FBL fire retardant, impact at 200 
feet per second; 

c. Vitron Rubber sheet impact at 100 feet per second. 

Analysis indicates that the peak pressure generated during impact is 
the local failure criteria and equal to approximately 130 psi for a 
2 inch diameter projectile. In addition, the peak pressure is the Hugoniot 


6 


pressure which may be approximated by the accoustic impedance, pc 
in this velocity regime. 

It is recommended that all forms of debris which may impact the 
Orbiter be characterized according to accoustic impedance. The threshold 
velocity of coating damage may then be computed for all impacts of 
duration in excess of 75 nanoseconds. This would apply to all debris 
with a dimension, h, such chat: 

~ > 75 X 10~^ seconds 
c 

0 

In addition, the pressures and times obtained in this study may be 
used for gross structural response calculations where local failure does 


not occur. 
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Table A-1 



Dyplast Styrofoam - 2 

Inch Prolectile 


Shot No 

Diam(inch) 

Length (inch) 

Velocity 

(ft/sec) 

Impact 

Angle 

:‘S£ 

A-4 

2 

2 

57 

90 

RT 

A-5 

2 

2 

52 

90 

RT 

A-6 

2 

2 

336 

90 

RT 

A-7 

2 

2 

367 

90 

RT 

A-8 

2 

2 

163 

90 

RT 

A-11 

2 

2 

698 

90 

RT 

A-1 2. 

2 

2 

546 

90 

RT 

A-13 

2 

2 

508 

90 

RT 

A-17 

2 

2 

550 

90 

RT 

A-18 

2 

2 

341 

90 

RT 

A-19 

2 

2 

130 

90 

RT 

A-20 

2 

2 

24 

90 

RT 

A-21 

2 

2 

44 

90 

RT 

A-22 

2 

2 

659 

90 

RT 


Dyplast Styrofoam with Fire 

Retardant Coasting 


A-24 

2 

Aw 

542 

90 

RT 

A-25 

2 

2 

474 

90 

RT 

A-26 

2 

2 

295 

90 

RT 

A-27 

2 

2 

365 

90 

RT 

A-29 

2 

2 

262 

90 

RT 

A-30 

2 

2 

244 

90 

RT 

A-40* 

2 

2 

488 

90 

RT 

A-41** 

2 

2 

539 

90 

RT 


* Coating on rear surface 


** Coating on rear surface-tapered impact surface 
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Shot Na4 ~'^ " 

r 

Material sry^p fi^^^ 

Mass /^S<9 (milligrams) 
Temperature 

Vert. Sens. j_^_( Vo Its/cm) 
Horiz. Sens. (usec/cm) 
Time ^^^(usec) 

Velocity ft/sec) 

Scale ^^•^•^ (psi/cm) 

Shot Nq^ ~^ ^ ' 

tis^uAir 

Material 

Mass i SS'o (milligrams) 
Temperature 

Vert. Sens. • (Volts/cm) 

Horiz. Sens. {£^_(usec/cm) 

Time ^'^^^’^t usec) 

Velocity (ft/sec) 
Scale ^^»^<5 (psi/cm) 

Shot 

A'tfiuAtT 

Material srv4 o 
Mass (milligrams) 
Temperature ^ ^ 

Vert. Sens. (Volts/cm) 

Horiz. Sens. (usec/cm) 

Time ^***^-^ (usec) 

Velocity (ft/sec) 

Sea 1 e ■Sj^^^( ps i / cm ) 





Shot No^‘^ ^ 

Material sryAo^ (i/f*^ 

iBSTi (milligrams) 
Temperature 

Vert. Sens. (Volts/cm) 

Horiz. Sens. (usec/cm) 
Time tHHusec) 

Velocity ft/sec) 

Scale ^^«fe5 (psi/cm) 

Shot N( A"^ 

Material 

Mass iSSP (mill ioramsl 
Temperature 

Vert. Sens. (Volts/cml 

Horiz. Sens. (usec/cm) 

Time l£^^(usec) 

Velocity ft/sec) 

Scale 0|6^(psi /cm) 


Shot\No ^ ^ y** 

MatenVl arr<*A>ft*( 


Mass IS^ (mill toramsl 


Tempera tu) 


Vert. Sens. y^ (Volts/cml 
Horiz. Sen/ 

Time ^°®/ 

seel 


_( usec/cm) 


Veloci 





Shdt No ‘0 Z " 

\ /i'tPLAST / 

Matehial ^T^Ao f^oifn 

\ (rnm/orams) 
TemperatWe 7^ 

Vert. SenK / (Volts/cm) 

Horiz. (wsec/cm) 

/ (us^) 

Velocny __1_( ft/sec) 

Seal/ (psi/enk 


Shot NcA*''/ 


40y^4»« r 

Material 


Z*' J., 


Mass i£a (milligrams) 
Temperature 

Vert. Sens. (Volts/cml 

Horiz. Sens. (usec/cml 
Time ^fifCusec) 

Velocity ft/sec) .^£-4. 
Scale ^*^.6Z (psi/cml 


Shot 

^v^las r 

Material 




Mass ISSO (millioramsl 
Temperature 

Vert. Sens. _J_( Volts/cm) 
Horiz. Sens. (usec/cml 
Time 2£l_(usec) 

Vel oci ty ( ft/sec ) • S2 i»ii 

Scale ^Z:2i(psi/cm) 
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I 

f 

I 


1 


1 



Shot 

Material a ry/gQ /sa/fm 
Mass /SSo (milligrams) 

fO f 

Temperature ^ 

Vert. Sens. (Volts/cm) 

Horiz. Sens. (wsec/cm) 

Time ^^'^•^ (usec) 

Velocity (ft/sec) 

Scale (psi/cm) 


Shot No _ 

— 

Material 


Mass 

(milligrams) 

Temperature 

Vert. Sens 

(Volts/cm) 

Horiz. Sens. (usec/cm) 

Time 

(ysec) 

Velocity _ 

(ft/sec) 

Scale 

_(psi/cm) 

Shot No _ 


Material 


Mass 

(milligrams) 

Temperature 

Vert. Sens 

;. (Volts/cm) 

Horiz. Sens. (ysec/cm) 

Time 

Jusec) 

Velocity 

(ft/sec) 

Scale 

(psi/cm) 


1 
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Shot 6^ -/7 
Material Z"x/" 

Mass (mini grams) 
Temperature R'l* 

Vert. Sens. . / (Volts/cm) 
Horiz. Sens, too (usec/cm) 
Time 302.8 (usec) 

Velocity 530 ( ft/sec 1 
Scale S^-ll (psi/cml 

Shot i^ -/8 
Material 

Mass 2^^(mill igrams) 2"x;" 
Temperature RT 
Vert. Sens. >QS (Volts/cml 
Horiz. Sens. IQQ (usec/cm) 
Time lisec) 

Velocity 3 ¥/ (ft/sec 1 -^7 
Scale iS. (psi/cml 

Shot 1^ 

Material %Tfito? oAt^ 'i" x 
Mass 

(milligrams) 
Temperature RT 
Vert. Sens. .g>S (Volts/rml 
Horiz. Sens. (Dp (usec/cml 
Time P77.3 (usec) 

Velocity 1 30 (ft/sec) 

Scale /5. ^.^ Tpsi/cml 



J 




Shot N;{| 

Material 2 "m“ 

Mass .(milligrams) 

Temperature Rt 
V ert. Sens. .02. (Volts/cm) 
Horiz. Sens. }qo (usec/cm) 
Time Q1S7 (usec) 

Velocity ft/sec) ZS" 
Sc a 1 e PS i / cm ) 

Shot hAz^lL 

Material irmaP nAM 2."x/" 

Mass (mill i grams) 

Temperature RT 

Vert. Sens. .oS (Volts/cm) 

Horiz. Sens. lOQ (usec/cm) 

Time 3im { psec) 

Velocity Jf^( ft/sec) ^ 
Scale (psi/cm) 

Shot l)^ * 

Material 2'V/" 

Mass ( mill i grams) 
Temperature RT 
Vert. Sens. .2 (Volts/cml 
Horiz. Sens. IDO (asec/cml 
Time ^S2.? (y$ec) 

Velocity ^S<f (ft/sec) t 
Scale 5^ ^2. (psi/cml 





C<?4TeD . |. 

Material ^vx&liBOA^ 2 

Mass ^ {milligrams) 

Temperature RT 

Vert. Sens. (Volts/cm) 

Horiz. Sens. I PCs (usec/cm) 

Time 3P7«3 (ysec) 

Velocity S^Z (ft/sec) 

Scale 5^ 42. (psi/cm) 

Shot 

COATftO ,, 

Material styrof oam 4 a z. 

Mass J. (milligrams) 

Temperature RT 
Vert. Sens. >2. (Volts/cm) 
Horiz. Sens. 100 (usec/cm) 
Time 351.^ (usec) 

Velocity M7^ (ft/sec) 
Scale 5’y ^2 (psi/cm) 

Shot/|tcr 3.(0 

COA-reo ^ 

Material gTYRoP wAm 2 x 2. 

•9 

Mass (milligrams) 

Temperature 

Vert. Sens. >2. (Volts/cm) 
Horiz. Sens. 100 (usec/cm) 
Time 5~(>^/ (usec) 

Velocity ^^5 (ft/sec) 3* 
Scale ^y^ ^2 (psi/cm) 




COATED 

Material STrgo FoA*^ 

Mass / (mi 1 1 i grams ) 
Temperature fiT 
Vert. Sens. .S (Volts/cm) 
Horiz. Sens. |Ot) (usec/cm) 
Time HSC.If (usec) 

Velocity 34$ (ft/sec) 
Scale ^’^^*'^ (psi/cm) 

Shot No 2^ 

CA/6T „ „ 

Material 

Mass /^So (milligrams) 
Temperature RT 
Vert. Sens. ,*2. (Volts/cm) 
Horiz. Sens. Ida (usec/cm) 
Time ^^9.Si usec) 

Velocity JS7 (ft/sec) S 
Seal e ^‘^^Z. ( psi/cm) 

Shot 

^ tOtfirgV n'W l" 

Material sTTy.oP toA>»^ 

Mass . (milligrams) 
Temperature 

Vert. Sens. .Z (Volts/cm) 
Horiz. Sens, /co (usec/cm) 
Time nt.? ( psec) 

Velocity ^43. (ft/sec) 

Sea 1 ei "^. 4 2, ( psi/cm) 





Table B-1 

Normal Impact -• 1.5 

Velocity 

Shot No Diam(inch) Length (inch) (ft /sec) 
^2 ] 


3 












Material ^ K 

Mass / o40 (mi 1 1 i grams ) 
Temperature tH~ 

Vert. Sens. « 1 (Volts/cm) 
Horiz. Sens. 5“0 (usec/cm) 
Time 3g.? (usee) 

Velocity (ft/sec) 

Scale (psi/cm) 

Shot fer 

^ • /I 

Material <,Tr£of »A 0 ^ 

Mass /o4o (milligrams) 
Temperature /T 
Vert. Sens. . / (Volts/cm) 
Horiz. Sens. S'O (usec/cm) 
Time 3^^Z (usec) 

Velocity 4^3 (ft/sec) 

Scale •£2_i{( psi/cm) 






Shot je> ^47 

Material V2“ 

Mass lo^o (milligrams) 
Temperature ^ 

Vert. Sens. * / (Volts/cm) 
Horiz. Sens. To (usec/cm) 
Time 7o2.iT (usec) 

Velocity .23'^ (ft/sec) 
Scalec 7- 3/(psi/cm) 
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Table C-1 

Normal Impact •- 3/8 


Shot No 

Diam(inch) 

Length (inch) 

Velocity 
(ft /sec) 

Impact 

Angle 

Temp 

C-3 

.375 

1 

315 

90 

RT 

C-4 

.375 

1 

221 

90 

RT 

C-5 

.375 

1 

198 

90 

RT 

C-6 

.375 

1 

166 

90 

RT 

C-7 

.375 

i 

250 

90 

RT 

C-8 

.375 

1 

651 

90 

RT 

C-10 

.375 

1 

470 

90 

RT 

C-11 

.375 

1 

451 

90 

RT 

C-13 

.375 

1 

823 

90 

RT 

C-14 

.375 

1 

806 

90 

RT 

C-I5 

.375 

1 

77 

90 

RT 


Shot No C- S 

ov^t/isr 

Material 

Mass (milligrams! 
Temperature 

Vert. Sens. (Volts/cml 
Horiz. Sens. _££_(usec/cm) 
Time ^^‘^•^ (usec) 

Velocity ft/sec) 

Scale f^^2i-(psi/cm) 

Shot No C- (o 

/iy^CASr 

Material £ry^o/»<*t 
Mass (millioramsl 
Temperature ^ ^ 

Vert. Sens. (Volts/cm) 

Horiz. Sens. (usec/cm) 

Time ^*^‘7 (usec) 

Velocity /<C.S (ft/secl S<^ 
Scale .^^(psi/cm) 

Shot No<^' 7 

A'ffitAsr 

Material 

Mass *^3 (milligrams) 
Temperature 

Vert. Sens. (Volts/cm) 

Horiz. Sens. ^0 (tisec/cml 
Time *!^(wsec) 

Velocity ^J^(ft./sec) 

Scale ^7.3i (ps j/cm) 
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Shot No C-g 

o'^fiuAir 

Material 

Mass _^£_(mi Hi grams) 
Temperature 

Vert. Sens. (VoUs/cm) 

Horiz. Sens. (usec/cm) 
Time ^*^^-^ (usec) 

Velocity _^£^( ft/sec) 


Scale _£!!i^?(psi/cm) 



Shot No^'^^ 

Material gry<^o ^4<*t 
Mass (milligrams) 
Temperature 

Vert. Sens. (Volts/cm) 

Horiz. Sens. (usec/cm) 

Time (usec) 

Velocity ft/sec) /Cij— 


Scale 5!^(psi/cm) 



Shot 

r 

Material 

Mass (milligrams! 
Temperature 

Vert. Sens. (Volts/cm) 

Horiz. Sens. _£? Jusec/cm) 
Time ^^^‘^ (usec) 

Velocity (ft/sec) '4-~7cr 
Scale (psi/cm) 
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* 1 *' 


t 




'9!-V 




m 








I ^ V 










,‘SV 


A ', 




Shot 

ovPMsr 
Material try 

Mass (milligrams) 

Temperature ^ ^ 

Vert. Sens. (Volts/cm) 

Horiz. Sens. _££_(usec/cm) 

Time ^^^.5 (u$ec) 

Velocity ft/sec) 

Scale /g^.S5(psi/cm) 


1 - •**< 


m 














J^4 .'V> 








V ^ \r ' 




>hot 

Dwi>LAsr 

'Material sryAo ro&^ 

Mass (milligrams) 

Temperature 

Vert. Sens. (Volts/cm) 

Horiz. Sens. ^0 (usec/cm) 
Time ^3Z.3 (psec) 

Velocity (ft/sec) 

Scale ^34.^S (ps-j/QT,) 

Shot hQ'_[1_ 

O'ffiiu^sr 

Material sryAo /^o^n 
Mass (milligrams) 

Temperature 

Vert. Sens. (Volts/cm) 

Horiz. Sens. (ysec/cm) 

Time ^3*?.Z (usec) 

Velocity ft/sec 

Scale /'3t.S5(psi/cm) 



Shot No 27 
Material 

Mass 55 (milligrams) 
Temperature 

Vert. Sens. (Volts/cm) 

Horiz. Sens. SO (psec/cm) 
Time ( usec) 

Velocity Sg3.Z (ft/sec) 

Scale ^34.5S (p$i7cm) 

Shot N^ ~3 

DVPLASr 

Material styp ofcam 
M ass (milligrams) 
Temperature 

Vert. Sens. jJ (Volts/cm) 

Horiz. Sens. SO (ysec/cm) 
Time 3~5f.S (y$ec) 

Velocity (ft/sec) 

Scale ^7.3l (psi/cm) 

Shot ^ 

OYFtAJT 

Material «rv<go FoAM 
Mass (milligrams) 
Temperature 

Vert. Sens. jJ_ (Volts/cm) 

Horiz. Sens. _££__( psec/cm) 
Time ***^3 (^jsec) 
VelQcitv' ^^*-^ ( ft/sec) 
Scale ^7.31 (psi/cm) 
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Table D-1 
Oblique Impact 


Shot No 

Diam(inch) 

Length (inch) 

Velocity 

(ft/sec) 

Impact 

Angle 

Temp 

D-26 

.375 

1 

154 

60 

RT 

D-27 

.375 

1 

205 

60 

RT 

D-28 

.375 

1 

281 

60 

RT 

D-29 

.375 

1 

237 

60 

RT 

D-31 

.375 

]. 

487 

60 

RT 

D-32 

.375 

1 

477 

60 

RT 

D-33 

.375 

1 

493 

60 

RT 

D-34 

.375 

1 

934 

60 

RT 

D-37 

.375 

1 

121 

60 

RT 

D-39 

.375 

1 

752 

60 

RT 

D-40 

.375 

1 

740 

60 

RT 
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Shot ^0* 


avH44r 

Material 


(milligrams) 
Temperature ^7* 

Vert. Sens. (Volts/cm) 


Horiz. Sens. SO (usec/cm) 
Time 4«1Z./ (usec) 


Velocity (ft/sec) g< ^ 


Scale ^3-CS (p$i/cm) 


Shot 


nJ>-i 7 te‘ 


-oy/»«.45r 

Material ary/io/sp/j^ 


(milligrams) 

Temperature 

Vert. Sens. ♦oS (ypits/cm) 
Horiz. Sens. SO (usec/cm) 
Time f_[£l£_(vsec) 

Velocity 2o$.7 (ft/sec) <=< 


'1 



Scale _^£^(ps1/cm) 

Sh0tN§'2!_ ‘®’ 

Material «ry4o /*o<»^ 

Mass (milligrams! 
Temperature 

Vert. Sens. (Volts/cm) 

Horiz. Sens. (psec/cm) 
Time ^*^*^«^ (usec) 

Velocity ^**»^ (ft/secl 


1 


Scale /3.tS (psj/cm) 




Shot N(5' 

C'f/»L^ST 

Material 3r-rAo/ ‘0'*^ 

Mass ^ ^ (milligrams) 
Temperature 

Vert. Sens. _££_( Volts/cm) 
Horiz. Sens. SO (usec/cm) 
Time ^***^-^ (usec) 

Velocity ^^^-^ (ft/sec) 

Scale ^3.^5 (psiVcm) 

Shot N5>l5i_ 

Material sty/ioF o^^ 

Mass ^3 (milligrams) 
Temperature 

Vert. Sens. ^ (Volts/cm) 
Horiz. Sens. SO (usec/cm) 
Time ^‘^-0 (usee) 

Velocity ft/sec) 

Scale 5.2i51(psi/cm) 

Shot ^ ^ (dO 

Material 

Mass (milligrams) 
Temperature 

Vert. Sens. _J_ (Volts/cm) 

Horiz. Sens. (usec/cm) 
Time ^^^-^ (usec) 

Velocity ft/ sec) 

Scale ' ^T.ll ^pgi/cm) 




Shot Ito" * 3 6 0 

difiLAir 

Material srr<(g/g o/»iv> 

Mass 33 (mini grams) 
Temperature 

Vert. Sens. (Volts/cm) 

Horiz. Sens. ^0 (usec/cml 
Time (used 
Velocity ( ft/sec 1 

Scale ^i3il!.(ps1/cm) 

Shot 60* 

Cy^LAST 

Material 

Mass 33 (mllllorams) 
Temperature 

Vert. Sens. _3l_( Volts/cm) 
Horiz. Sens. (usec/cml 

Time (used 

Velocity ft/ sec) / 

Scale ^*^-^2 (psi/cml 


Shot (fe ~37 6o® 

ayALAi r 

Material 


Mass _33 (milligrams) 
Temperature 

Vert. Sens. (Volts/cm) 

Horiz. Sens. l^(usec/cm) 
Time (usec) 

Velocity ft/sec) 


;• 'At. 

’ QMAUly 


Scale (psi/cml 
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Shot lfe'_33_ to* 

,0y^t/»jr 

Material 

Mass 33 (min i grams 1 
Temperature 

Vert. Sens. _i3__( Volts/cm) 
Horiz. Sens. ^^_(wsec/cm) 
Time (usee) 

Velocity ft/sec) / 

Scale s*^.fe^ (psi/cm) 

Shotife-Jll 

O 'i^LAS r 

Material 

Mass _5J_(m1111grams) 
Temperature 

Vert. Sens. (Volts/cml 
Horiz. Sens. SO (usec/cml 
Time (usee) 

Velocity 3;^( ft/sec) 

Scale f^^i^(psi/cm) 

Shot 

o'ffiuAtr 

Material sry/i«>/=o^/*i 
Mass (milligrams) 

Temperature 

Vert. Sens. ( Volts/cm 1 
Horiz. Sens. _££_(usec/cm) 
Time (usee) 

Velocity (ft/sec 1 ' 

Scale £*^J_^(psi/cm) 












Appendix E 


Table E-1 

Cryogenic Temperatures 


Shot No 

Diam(inch) 

Length (inch) 

Velocity 

(ft/sec) 

Impact 

Angle 

Temp 

E-16 

.375 

1 

232 

90 

CRYO 

E-1 7 

.375 

1 

755 

90 

CRYO 

E-18 

.375 

1 

859 

90 

CRYO 

E-19 

.375 

1 

538 

90 

CRYO 

E-20 

.375 

1 

354 

90 

CRYO 

E-21 

.375 

1 

318 

90 

CRYO 
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Shot H 

py^4,/f«r 

Material 

^7 (mill ioramsl 
Temperature 

Vert. Sens. (Volts/cm) 

Horiz. Sens. (usec/cm) 
Time ^^^«^ (usec) 

Velocity S3y.T (ft/sec) J 
- £!l^(psi/cm) 

Shot 1^’ 

oiAu/tsr 

Material ^TyA0J ^4^ 

Mass ^7 (mill ioramsl 
Temperature 

Vert. Sens. (Volts/cml 

Horiz. Sens. (usec/cml 

Time ^^£^(usec) 

Velocity f t/ s ec ) / j? 

Scale 3H.C2 (ps-{/cm) 

Shot No^’_^£_ 

fi'fhJ^ST 

Material 

Mass (mill ioramsl 
Temperature 

Vert. Sens. (Volts/cml 

Horiz. Sens. (usec/cml 

Time ^^**’^ (usec) 

Velocity 3*£^( ft/sec) 7S~' 
Scale sV’.<2 (psi/cml 


1 


\ 

il 








. ' V' “ •'/ .•:' ^ * •• 




r '' . A* j 


^ \ V"r^ * ‘^V/ '* ■ ■ ■ :. * 

» 


‘ ^ 


Shot 

bipi^sr 

Material ST rAop >e4^ 

(milligrams) 

Temperature 

Vert. Sens. (Volts/cm) 

Horiz. Sens. (usec/cm) 

Time ^^-^ {jisec) 

Velocity 23?./ (ft/sec) 

Scale i'*/.^2 (psi/cm) 

Shot ffi** n 

oiPLAsr 

Material yry<o /»p/f<«t 

(milligrams) 

Temperature 

Vert. Sens. (Volts/cm) 

Horiz. Sens. (usec/cm) 

Time /V/- Z (psec) 

Velocity 7S5.V ( ft/sec) — 
Scale ^3(>.$S ’( PS -j 


Shot 1^ 

4irPt.AiT 

Material sry4o /«e4<*y 
Mass ^2 (milligrams) 
Temperature 

Vert. Sens. j_£_(Vol ts/cm) 
Horiz. Sens. ^0 (usec/cm) 
Time ^^^Jusec) 

Velocity ^^ ^>^ (ft/sec) 

Scale (^^i^psi/cm) 


i m 
ttr 







i-i3-li /‘iHit.'pk P..(,<,4:ie Tcit 




ihA v.^.4& itidu- W-. • y\. . . . • -». > 



X' 
V •• 


■■ 


^^«^9J3INAL*PAQt li- 
c^ POOR QOAury 


Shot ^ / ^2.4ri.) 

Material 

Mass /£^jl2,(mWigrams) 
Temperature /L7 
Vert. Sens. jX_(Volts/cm) 
Horiz. Sens. zot> (usec/cml 
Time zy}.'^ (usee) 

Velocity $<?» (ft/secl 
Scale (psi/cm) 

Shot likr/^P_zCZ)(t^ 

Material 

Mass ^^^^ fmill i grams) 
Temperature itT 
Vert. Sens. _i2__( Volts/cm) 
Horiz. Sens, zoa (usec/cm) 
Time 7^o.i (usecl 
Velocity liV_(ft/sec) 

Scale iV^(psi/cm) 

Shot ^ 'p/ H Cviz) 

Material P^/ 

Mass (milligrams) 

Temperature fif. 

Vert. Sens. lL_(volts/cm) 
Horiz. Sens. l£^_( usec/cm) 
Time sec) 

Velocity VZ?_(ft/sec) 

Scale ( os i /cm) 





Shot 

Material py pi A e»r 5F 
Mass 7^00 (milligrams) 
Temperature i^T~ 

Vert. Sens. ' ^ (Volts/cm) 
Horiz. Sens. ZOO (usec/cm) 
Time Z^Jiusec) 

Velocity ft/sec) 

Scale 54,^ (psi/cm) 

Shot No 

Material 

Mass (milligrams) 

Temperature 

Vert. Sens. (Volts/cm) 

Horiz. Sens. (usec/cm) 

Time (usec) 

Velocity (ft/sec) 

Scale (psi/cm) 

Shot No 

Material 

Mass (milligrams) 

Temperature 

Vert. Sens. (Volts/cm) 

Horiz. Sens. (usec/cm) 

Time (usec) 

Velocity (ft/sec) 

Scale (psi/cm) 



Shot 

Material pyp^ sr Sf 
Mass 37^ g (milligrams) 
Temperature £T 
Vert. Sens. >2 (Volts/cm) 
Horiz. Sens. ZoQ (usec/cm) 
Time 3/4.^ usee) 

Velocity 5_30( ft/sec) 

Scale 64-.4-, (psi/cm) 

Shot No p- 7 
Material pvplA ST* s'P’ 

Mass 39 jc> (milligrams) 
Temperature i£T 
Vert. Sens. , 2 (Volts/cm) 
Horiz. Sens. 2^^ (usec/cm) 
Time 3Sf.? (usec) 

Velocity 47<3 (ft/sec) 

Scale 54.^ (psi/cm) 

ShotNf._4_ 3,,,. 
Material j^^j^tAST SP 
Mass SSSo (mill i grams) 
Temperature 

Vert. Sens. . 2 (Volts/cm) 
Horiz. Sens. ZoO (usec/cm) 
Time 343,S (usec) 

Velocity 4^S (ft/sec) 

Scale 54'^ ( psi/cm) 









It- 


mm 

"mm 




'.4*&Sk 




wwMi 



Shot Ncf -^ I Zkz‘ 3 
Material ^'^fLAS T 5 r 
Mass /f CP (mi 11 1 grams) 
Temperature RT 


Vert. Sens. 


(Volts/cm) 


Horiz. Sens. (usec/cm) 
Time 337 . 3 (usec) 

Velocity 4ii .( ft/sec) 

Scale psi/cm) 

Shot n<f 'Z ZJ<C 2 ")tZ*J 

Material _av£LA$r 3 F 
^ 7 pp (mi 1 1 i grams ) 
Temperature {Z.V 
Vert. Sens. > 2 . (Volts/cm) 
Horiz. Sens. ZdQ (usec/cm) 
Time ^^S 5 *^usec) 

Velocity C^ 2 S (ft/sec) 


Scale 


psi/cm) 




Shot Nc% 3 __ 2 , x^z‘*x 2**3 

Material t>vf^L AST sr 
Mass B 7 ac (mill igrams) 
Temperature dV 
Vert. Sens. >Z (Volts/cm) 
Horiz. Sens. 2 g >0 (^isec/cni) 
Time szz 4 VI sec) 

Velocity t >/7 (ft/sec) 

Scale 5 '^. 6 (psi/cm) 





1 l/wE: Ho. ^ ^CVlIz^ 



Tteat #1- 

I'^ojoctile 

W\.ss= 

Counter= 

Velocitj's 

Dt'pth® - 

Diameter* 

VoUmt'* 


ffU 

I'tX)j(vt i !(,■ 
M;is.s= 

Coiuitei'^ 
Velocits"* 
rX'pth* ‘ 
Diametei’= 
Voluni>= 


Ttest rf2. 

Pnjjectile 

Muss® 

Ctounter® 

Velocity® 

Depth® 

Diameter® 

Volitne® 


Test *1 
Pro.iectilo 
Muss® 5/ 

Countcf® ^ ^****<~ 

Velocity-® i^Z. 9 AA*<- 
U*pth= ^ 

DinmfHor® 

Volume® ^ 


12 


48 


¥ 


h 


Ttest #5 

Projectile 

Mass= 

Counter® 

Velocity® 

Depth® 

Diameter® 

Volume® 


Son. ^ yCi4.*tL. 
3 44 ». ^ 


Test #6 j 

Pro jectile 

Mass* , 

Counter® /5 5*i 
Velocity® 7^^. ^ 

Depth® 

Diameter® 

Volume® 


Test^f? 
Projectile 
Mass® 
Counter® a/ 
Velocity® 
Depth® 
Diameter® 
Voliine® 


Test 

Projectile 

Mass® 

Counter® !Si -i 
Velocity® sm.'l 
Depth® 

Diameter® 

Volume® 


Test ^ 

Projectile 

Mass® 

Counter® 

Velocity® 

Depth® 

Diameter® 

Volume® 


z r® 


SX 


Test n*10 
Projectile 
Mass* 

Counter® ^ , 

Velocity® ^ ® T- 3 
Depth® 

Diameter® 

Volume® 


zn 




^ // 


/V 2 -. T 




ai ^ ;® /2— _ 

(oO 


Ttest #1- 

t i Ifc! I^/T 

Mnss=» 

Counter^ Hio. i> 
Velocity® 
Depth® - 
Diainster® 
Volune® 




T^^st ^3 
Project i U.' 
Miss-^/ 
Coiuiter® 
Vekx:it,v'= 3^0 
Depth® 
Ditunetej— 
Vt).luine® 




Ttest ^f2 

Pi-ojectile , , 
Miss® ^ 

Counter® 

Velocity® 

Depth® 

Diameter® 

Volune® 


Test m Trtc*^ 
l^rojectile 
Mass® C‘f 
Countet® 7 7/, 7 
Velocitj,® 
Lx»pth= 
Dinmf'tei® 
VolWTX-'® 



Test ^5 

Projectile 

Mass= 

Counter= 

Velocity= 

Depth® 

Diameter® 

Volume® 


Ttest #6 

Projectile 

Mass* 

Counter* 

Velocity* 

Depth* 

Diameter* 

Volune* 


Testf?7 

Projectile 

Mass* 

Counter* 

Velocity* 

Depth* 

Diameter* 

Volume* 


Test 

Projectile 

^^ass* 

Counter* 

Velocity* 

Deptlv= 

Diameter* 

Volume® 


Test 

Projectile 

\fess* 

counter* 

Velocity* 

Depth* 

Diameter* 

Volume® 


Test frlO 

Projectile 

Mass* 

Counter* 

Velocity* 

Depth® 

Diameter* 

Volume® 



Ttest #1- 
Pro.)t>ctile 

Ma.ss= 2 1 
Counter* T^l' 7 
Velocity* /f/, 
Depth* - 
Diameter* 
Volume* 


lh*oj(;ct i h- 

Miss* 2 / 

Countei’* Zil.f 

Velocity'* 

Depth* 

Diametei’* 

VoliBne* 


Test P2 
Projectile 
Nkiss* 3/ 
Counter* ii'f f 
Velocity* 2r/ , e> 
Depth* 

Diameter* 

VolUTW* 


Test m 
Projectile 
ittss* ZS ^ ^ 
Coiuiter* 234" , jT 
Velcxiity* Vr5-=> 
U'pih* 

DiannUer* 

VoiUTX,'* 


12 


Ifest w5 
Projectile 
Mass= X) 
Counter® mi 
Velocity® 5 ^ y.o 
Depth® 

Diameter® 

Volume® 


Test 

Projectile 

Mass® 

Counter® 

Velocity® 

Depth* 

Diameter® 

Volume® 


Ttest <f 6 

Projectile 

.Niass® 

Counter® , S' 

Velocity® • o 
Depth® 

Diameter® 

Volune® 


Test 

Projectile 

Mass® 

Counter® 

Velocity* 

Depth® 

Diameter* 

Volume® 


Testfif? 

Projectile 

Mass® 

Counter® 

Velocity® 

Depth® 

Diameter® 

Volume® 


Test #10 

Projectile 

Mass® 

Counter® 

Velocity® 

Depth* 

Diameter® 

Volume® 


1 I Ho. -i 



'IVst fil- 

IVoj^vt i lo r/P ^ ^ 

Ntls:^= / f 6 
Q')untot’= / 

Vek)c^iti'= fHiec 

Di'pth“ - 

Di;ui»)tor= 

V(Uiim'= 


Tbst ^2 

PtX\joc’t ile‘ rf#/*-* rrp ^.x>Z 

Counter* 9 
Vel<vit>*= //Z.c^ 

ni*pt.h= 

V(Ull!K'= 


'P’S I 

I U’ -miA* Tip 

Coiuitor- fy/ 7 

lH;uu'tor- 

VoUuni'- 


k’St 

rn\i<'otiU> 7>ti*^ T(P 

M:is.s= ©t 

Vol.vitj-^ / 7 <^ P:Vc. 
U’pth - 
ni;U!»'f • 

Vo III!*' ■ 


Tfest r5 

Projectile 

Mass* 

Counter® 

Velocity® 

Depth® 

Diameter® 

Volune® 


Tfest ^ 

Projectile 

Mass® 

Counter® 

Velocity® 

Depth® 

Diameter® 

VoluTie® 


Tfestfif? 

Projectile 

Mass® 

Counter^ 

Velocity® 

Depth® 

Diameter® 

Volune® 


Test 

Pi'ojectile 

Mass® 

Counter® 

Velocity® 

Depths 

Diameter® 

Volume® 


Test #9 

Projectile 

Mass® 

Cbuntei® 

Velocity® 

Depth® 

Diameter® 

Volume® 


Ttest fflO 

Projectile 

Mass® 

Counter® 

Velocity® 

Depth* 

Diameter® 

Volume® 


U»st ffl- 2.y[ 

IVoJcVLile ^ 

Nhss= (o'^ 

Counter* Co2- 
Velocity* nn 
Depth* - 
Diameter* 

Volifne* 


T\'St « TH*^ y-\0 
I’rojivt i Ic 
Misk= 

Countei** *>H ^ ^ 
VeUx'-itN* / 

IVpth® 

niametet- 

V(,)lut*'= 


Tfest 02TH-i^^-TiP 
Projectile 
Muss* <!> I 

Counter* / o ,7 
Velocitj** /Ofc 
Depth* 

Diameter* 

Volune* 




Test 

PriDjocti K* 
M;uss= 
Countei** 
Velocit>~ 

Dinnv'ter* 

VolUtTlL'* 



Test 

Projectile 

Mass= 

GDunter® 

Velocity= 

Depth* 

Diameter* 

Volune* 


Test #6 

Projectile 

j^jass* 

Coianter® 

Velocity* 

Deptlir* 

Diameter* 

VoluTie* 


Testff? 

Projectile 

Mass* 

Counter* 

Velocity* 

Depth® 

Diameter* 

Volume* 


Test ft^ 

Projectile 

Mass^ 

Counter* 

Velocit57= 

Depth* 

Diameter* 

Volume* 


Test #9 

Projectile 

Mass* 

Counter* 

Velocity* 

Depth* 

Diameter* 

Volume* 


IteSt irlO 

Projectile 

Mass* 

Counter* 

Velocity* 

Depth* 

Diameter* 

Volume* 




Ho. ^ , 


57 






/t’t> 


AJ^ 


</0 »7 4 * 






p *f ^ts K> 4t^c. 




TV'st i»l- 
IVoJt'ci.i k* 
W\ss= >/ 
G)unter= Ivy / 
VelcK'itj-* y,l j, 
I>'pth= - 
Dl:ui>}ter® 

V()Umk'= 



!’r(.)Ji\-t l !r 
\hss= ^~) 
Count.t'1'- /<>/. y 
Vol(XMl\~ 5T7 o 
lVl)th= 
nt:uix;t(.T= 

V( 'Uuix'* 


Tbst to. 
Pn\jeoti le 
2.1 

Counter® ‘lil.f 
Velocitj-® 
rX‘pih= 
Diameter® 

VollflK'S 


Test A{ 
lYo.ioet lie 
^tla.s= ^ ^ 
Coiuitei-= /7i>7 
Velo(.-it\- 6/y.o 
U'pt fi= 

er® 

VoLiUti'- 


12 
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Test rS5 

Test r8 

Projectile 

Projectile 

Mass= 2-f 

Mass* 

Counter® Z.o L 7 

Counter® 

Velocity® y wf . o 

Velocity® 

DepttP= 

Depth® 

Diameter® 

Diameter® 

Volume® 

Volume® 

Ttest ^ 

Test #9 

Projectile 

Projectile 

Mass® 

Mass® 

Counter® 

Counter® 

Velocity® 

Velocity* 

Depth® 

Depth® 

Diameter® 

Diameter® 

Voliroe® 

Volume® 

Testir? 

Itest 

Projectile 

Projectile 

llass® 

Mass® 

Counter® 

Counter® 

Velocity® 

Velocity® 

Depth® 

Depth® 

Diameter® 

Diameter® 

Volume® 

Volume® 



Tl^st rl- 
IVojoctile 
Ntxss= "2J^ 
Qiuntei*= 2C-/ 
Velocity® 

DF'pth* - 
Diameter® 

Vo hint'® 

^Ty^£>|o-‘-' 

IVojocl i h* 
Miss® 2-^ 
Coimter® f^O* 
Velixuiy® "^fO 
D?pth® 
Diametei*® 

Vo 1 iuu?= 

Tbst A2 
Pn\iectile 
Muss® '2^<r 
Counter® C 

Velcxiitj-® 

Dt?pLh= 

Diameter® 

t f % 

' 

Test *} 
Dro.iecti le 
Miss® 7 o 
Counter® 
VelfK’Uj.*® 
U'pt h= 

Diiinn'f ('i*= 



Test ^5 

Projectile 

iiass= 

Counter* 

Velocity* 

Depth* 

Diameter* 

Volune* 


Test #6 

Projectile 

Mass* 

Counter* 

Velocity* 

Deptlfs 

Diameter* 

Volune* 


Test#? 

Projectile 

?fess* 

Counter* 

Velocity* 

Depth* 

Diameter* 

Volune* 


Test #8 

Projectile 

Mass* 

Cotaiter* 

Velocity* 

Depths 

Diameter* 

Volume* 


Test #9 

Projectile 

Mass* 

Counter* 

Velocity* 

Depth* 

Diameter* 

Volume* 


Test #10 

Projectile 

Mass* 

Counter* 

Velocity* 

Depth* 

Diameter* 

Volume* 



Tl'st ffl- 

M'\.ss=a^a7 
G)unt04'= /i5, T 
Velocity® ^ 

Q'pth® - 
Di;uix)ter= 

Sc-jff- 

Uo 

Qumter® / 3 ' 

Velix'-itN”® *)7‘/<-6 
l>pth® ■ 

DiaxiX-’ter® 

Vohut*'® 

Tbst 

Projectile 
Muss® >■> 
Coiuiter® /VC>.7 
Velocity® 7 C 5 . / 
D?pth= 
Diameter® 

Vo lime® 

y 

Test 

Projectile 
Miss® St. 
Coiuiter® 
VobK-UA** Ci-3 
U'plh® 
Di.'VTU'ter^ 

Vo liinu'® 
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/ 


Test ^ 

Projectile 

Mass= 

Counter® 

Velocity® 

Depth® 

Diameter® 

Volune® 


Test r8 

Projectile 

Mass® 

Counter® 

Velocity® 

Depth® 

Diameter® 

Volume® 


Test #6 

Projectile 

Mass® 

Counter® 

Velocity® 

Depth* 

Diameter® 

Volume® 


Test 

Projectile 

Mass® 

Counter® 

Velocity® 

Depth® 

Diameter® 

Volume* 


Testfl<7 

Projectile 

Mass® 

Counter® 

Velocity* 

Depth® 

Diameter® 

Volvme® 


Ifest irlO 

Projectile 

Mass® 

Counter® 

Velocity® 

Depth® 

Diameter® 

Volume* 


V 


T^st #1- 
Pi*ojfc»otile 

Wiss=. 5 J ( 

Counter* i'il.lo 
Velocity* 7 o? jt 
Dt'pth* - 
Diameter* 

Volune* 


Ti-'St <5 
I'lni^^ct Lit- 

Countei'*//7- ^ 
Velc>cit>- 
["tepth* 
Oiametei** 

V< ) 1 unie* 

/n- 

VeU<.;lb* 

Ttest ff2, 

PriJjectile 

Miss* 

Counter* 

Velocity* 

ttepth* 

Diameter* 

Vm) 1 


Test M 

Dn).iocti le 

Muss* 33 

Coimter* 

VVlr)city* 

iX'pih* 

Dinmptci'= 




Tfest ^ 

Projectile 

Mass^ 

Counter® 

Velocity- 

Depth* 

Diameter* 

Volune* 


Test ^ 

Projectile 

Mass* 

Counter* 

Velocity* 

Depth* 

Diameter* 

Volume* 


Projectile 

^^ass= 

Coimter* 

Velocity* 

Depth* 

Diameter* 

Volume* 


Test fr8 

Projectile 

Mass* 

Counter* 

Velocity* 

Depth* 

Diameter* 

Volume* 


Test 

Projectile 

Mass* 

Counter* 

Velocity* 

Depth* 

Diameter* 

Volume* 


Test rlO 

Projectile 

ilass* 

Counter* 

Velocity* 

Depth* 

Diameter* 

Volume* 




Tbst #1- 
Projectile 

Wiss= 3Y 
Cbunter=/533 

Velocity=io 2 . 1 . 

Dppth® - 

Diameter® 

Volime® 


Test i«2 
Prxjject i le 
Kkiss® 2/ 
Counter® V 
Velocity® 
Depth® 
Diameter® 
Volune® 



Tvst ~3 
Ihx)Ject ilr 
Miss^ 31 
OHmtet*= 
VeUx'-itv® 6^3-5 
Depth® ' 
Duuretei-® 
Volumi?® 


Teat »l 
Pro.iocti U> 
Masa® 33 
Coun let •=/¥/. ^ 
VelrKtity=73*. ( 
iX'ptli® 
Diamtn,(>r® 
VoliatK'® 




# t 

\Jt_l s. -I 1^-9 
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Ttest rr5 

Projectile 

Mass= 

Counter® 

Velocity® 

DepthF* 

Diameter® 

Volune® 


Itest »t6 

Projectile 

Mass® 

Counter® 

Velocity* 

Depth® 

Diameter® 

Volune® 


Test (?8 

Projectile 

Mass® 

Counter® 

Velocity® 

Depth® 

Diameter® 

Volume® 


Test nQ 

Projectile 

Mass® 

Counter® 

Velocity* 

Depth® 

Diameter® 
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